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Wednesday, February 19, 2014 663aimmune system. The stability of the interaction between MHC class I and pep-
tide is governed by length and sequence of the peptide. The carboxyl and amino
termini of the peptide make a significant contribution to binding energy by
forming networks of hydrogen bonds. In addition, the carboxy terminal side
chain of the peptid serves as an anchor residue in all the known MHC class I
alleles, i.e., it binds into a pocket at the bottom of the binding site.
We show here that the binding of the carboxyl terminus of the peptide has a
strong influence on the dynamics, binding energy, folding, peptide affinity
and stability on the cell surface of two MHC class I mouse allotypes. Molecular
Mechanic/ Poisson-Boltzmann Surface Area (MM-PBSA) and potential mean
force (PMF) analysis demonstrate that binding of the the carboxy terminus
causes a decrease in the peptide free binding energy to MHC class I. This is
verified in vitro by thermal denaturation by tryptophan fluorescence (TDTF)
and Fluorescence anisotropy (FA) assays, which show a considerable decrease
in the thermal stability and peptide binding affinity of C-terminally truncated
peptides to class I. Such truncated peptides are also much less efficient in sta-
bilizing MHC class I at the cell surface.
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b-lactmases, the enzymes produced by some bacteria, are responsible for the
primary mechanism of resistance to b-lactam antibiotics, the most common an-
tibiotics in commercial use. Earlier study has resurrected a series of ancient
Class A b-lactmases in the laboratory. It showed that those 2-3 Gyr-old b-lact-
mases could degrade a variety of antibiotics in vitro with similar levels of
catalytic efficiency, suggesting that b-lactmases evolve from substrate-
promiscuous generalists to specialists. However, all those ancient b-lactmases
adopt the same fold as the modern enzyme, especially at the catalytic sites.
Here we propose that the enhanced substrate-promiscuity originates from pro-
tein dynamics. We investigate the differences in conformational dynamics of
diverged b-lactmases through MD simulation and quantify the contribution
of each residue site to functionally related dynamics through Dynamic Flexi-
bility Index (DFI). The statistical clustering of the DFI pattern is later obtained
through Principle Component Analysis (PCA). Strikingly, our result shows that
those 2-3 Gyr-old b-lactmases are clustered together and far away from the
modern enzyme in the principle subspace. This dynamic analysis also identifies
those sites affecting dynamics the most that may play a critical in functional
evolution of b-lactmases.
3356-Pos Board B84
Visualizing Structures, Dynamics and Function of Enzymes
Hugo Sanabria1, Dmitro Rodnin2, Mark Fleissner3, Stanislav Kalinin2,
Suren Felekyan2, Katherina Hemmen2, Thomas Peulen2, Felix Koberling2,
Ralk Ku¨hnemuth2, Holger Gohlke2, Wayne Hubbell3, Claus A.M. Seidel2.
1Physics and Astronomy, Clemson University, Clemson, SC, USA,
2Heinrich-Heine University, Duesseldorf, Germany, 3University of
California, Los Angeles, CA, USA.
In order to understand how enzymes work it is required to know about its
conformational landscape, its enzymatic state or interaction with the substrate
or product, and the exchange times between conformations and enzymatic
states. Experimentally this is extremely challenging because it requires to sam-
ple over large time domains, as well as resolving low transiently populated
states. Using a hybrid approach involving multiparameter fluorescence spec-
troscopy, multiscale computer simulations and mutagenesis we are able to
map the conformational landscape involving three conformational states (C1,
C2, and C3) that are sampled from ns to ms. Furthermore, we present a state
matrix that links the enzyme state of the bacteriophage T4 (T4L) as it follows
a Michaelis-Menten like formalism. In all we identify T4L as a three state sys-
tem linking each of the fundamental steps in enzyme function: Substrate bind-
ing in C1, catalysis in C2, and product release in C3. We validate the
conformational state C1 against the crystallographic structure with identifica-
tion code in the protein data bank (PDBID) 172L with an accuracy of 1.8 A˚
RMSD and 2s precision of 0.6 A˚. The C2 agrees very well with the PDBID
148L with an accuracy of 2.1 A˚ RMSD and 2s precision of 0.9 A˚. The confor-
mational state C3 has not been identified before and has a 2s precision of 2.6 A˚.
Our findings for T4L demonstrate that a fine-tuned shift of conformational
equilibrium leads to motions of active cleaning where the energies of substrate
binding and product formation drive the conformational equilibrium. The
directionality of the overall process is manifested by the free reaction enthalpyof the glycosidic bond cleavage. In all, our work highlights the potential of our
hybrid approach to observe thermally accessible, low-populated intermediates
with high spatial and temporal resolution.
Protein-Solvent Interactions: Water, Ions,
Lipids, and Crowding
3357-Pos Board B85
Solute Permeation in Aquaporin Channels
Shreyas S. Kaptan, Bernd de Groot.
Max Planck Institute for Biophysical Chemistry, Goettigen, Germany.
Solute permeation in the aquaporin family is governed via a diverse selection of
mechanisms. Extrinsic regulators, such as changes in environmental pH condi-
tions or covalent modifications, such as phosphorylation, are known to provide
means for the channel to modify its permeability. These mechanisms are
responsible for enabling biological organisms, at a cellular level, to fine tune
their responses to osmotic changes that take place in their environment.
Also, it has been experimentally observed that the members of Aquaporin pro-
tein family demonstrate strong specificity for their solutes and yet are respon-
sible for a permeation of a variety of substrates such as water, glycerol and
ammonia. The molecular details underlying the permeation specificity of these
substrates are not wholly understood.
Computational molecular dynamics can be used to study the intricacies
involved in these regulatory functions at atomistic level. Simulations can pro-
vide valuable insights into how aquaporins control their specificity and perme-
ability, as well as means to facilitate the flexibility of their permeates. We apply
Functional Mode Analysis (FMA) and Principal Component Analysis (PCA) to
identify the structural states as well as highly correlated dynamic modes that
contribute to the regulation of the permeation in Aquaporins. These methods
can also be used to provide input to experimental studies to validate the results
of such computational investigations. Here we study a diverse array of aqua-
porin family proteins to create theoretical models in order to complement
empirical observations of solute specificity and the gating of the aquaporin
channels.
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The Poisson-Boltzmann (PB) formalism is one of the most popular approaches
to modeling the solvation of molecules. It assumes a continuum model for wa-
ter, leading to a dielectric permittivity that depends on regions of space (inside
or outside the solute). In contrast, the dipolar Poisson-Boltzmann-Langevin
(DPBL) formalism follows a grid-based approach where the solvent is repre-
sented as a collection of freely orientable dipoles with nonuniform concentra-
tion [1]. This leads to a nonlinear permittivity function that depends both on the
position and on the local electric field at that position. In practice, solving the
modified PB equation in the DPBL formalism yields density maps for water (di-
poles) and salt (ions). We illustrate here how these maps can be used to help in
the analysis of both low- and high-resolution structural X-ray data. As for the
former, we implemented a program, AquaSAXS [2], available as a web server,
which uses the solvent density map to represent the hydration layer of a given
protein atomic model. This approach improves the model where the hydration
layer is defined as a constant layer on the surface. As for the latter, we will pre-
sent how this approach is suited for electrostatics studies of solvation in
confined geometries. In particular, its application to the study of pentameric
ligand-gated ion channels helped proposing a plausible ion permeation mech-
anism [3].
[1] Koehl and Delarue (2010) J Chem Phys 132(6) - 064101.
[2] Poitevin et al (2011) NAR 39 - W184-9.
[3] Sauguet, Poitevin, Murail et al (2013) EMBO J 32(5) - 728-41.
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Using a hybrid method of the integral equation theory and the morphometric
approach, we have shown that the solvent-entropy effect originating from the
